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1
Introduction
As part of the work item on 4C-HSDPA [1], it was agreed in the previous RAN WG1 meeting that HS-SCCH orders would be used for activating/deactivating secondary downlink carriers. Furthermore, a single HS-SCCH order to be used for permitted activation/deactivations of carriers was agreed as a working assumption. 

In this document, we present a couple of ways that satisfy the working assumption. Additionally, we examine proposals made in the previous RAN WG1 meeting to see if the working assumption is satisfied. It is considered that a scheme would need to be significantly better to overturn the working assumption. We consider that schemes that are proposed in this document are simple and offer an elegant way to achieve the objective. Therefore, we do not see a compelling reason to seriously consider schemes that do not satisfy the working assumption.
2
Background
A review of HS-SCCH orders up to Rel.9 and their functionality is shown in Table 1.

Table 1: Order Mappings and Functionalities in Rel-9.
	Order Type
	Order Mapping
	Functionality

	
	xord,1
	xord,2
	xord,3
	

	000
	(1, 0)
	x
	x
	DRX 
Activation/De-activation

	
	x
	(1, 0)
	x
	DTX 
Activation/De-activation

	
	x
	x
	(1, 0)
	HS-SCCH less Operation
Activation/De-activation

	001
	x
	x
	(1, 0)
	Secondary serving HS-DSCH cell
Activation/De-activation

	
	x
	(1, 0)
	x
	Secondary serving E-DCH cell
Activation/De-activation


Note that the order mapping ‘010’ is specified to be an unused (reserved) combination. This is to explicitly disallow the occurrence of solitary uplinks without a corresponding downlink. 

In Rel.10, additional order types and mappings need to be introduced to allow for activation/de-activation of the 3rd and 4th downlink carriers. The following agreements and working assumptions were made in RAN1 #59bis
Agreement:

· Working assumption that HS-SCCH orders are used for activating and deactivating secondary downlink carriers is confirmed.

· Note that per-carrier activation/de-activation may result in non-contiguous carriers being active.

· Note that UE categories have not yet been discussed in this context. 

Working Assumption:

· A single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations.

· Exact mapping of orders is FFS.

3
HS-SCCH Orders for Activation/De-activation
The following design considerations are assumed in the specification of HS-SCCH orders for Rel.10.
· L3 signalling is required to change the frequency of the primary uplink and downlink carriers.
· If an uplink carrier is activated, the corresponding downlink carrier is also activated.
· If a downlink carrier is de-activated, the corresponding uplink carrier is also de-activated.

· The UE shall ignore activation orders for carriers that are already active.
· L3 signalling messages are used to map the carriers (D1, U1 etc.) to particular frequencies
· Transition to a permitted configuration should be indicated using a single order.

· Backward compatibility should be maintained for existing orders through Rel.9
Since 4 downlink carriers and a maximum of 2 uplink carriers is indicated in the work item, a list of possible configurations for Rel.10 is given in Table 2. 

Table 2: Possible configurations for 4DL and 2UL carriers

[image: image1.emf]Configuration DL4 DL3 UL2 DL2 UL1 DL1

0 X X

1 X X X

2 X X X X

3 X X X

4 X X X X

5 X X X X X

6 X X X

7 X X X X

8 X X X X X

9 X X X X

10 X X X X X

11 X X X X X X


Each row in Table 2 is a possible configuration that could be signalled through orders from the Serving NodeB. In order to use the minimum number of orders to indicate a particular configuration, each row is considered as an HS-SCCH order combination. All transitions between configurations are permitted. Note that all the configurations contain the primary uplink and downlink carriers.
In the following, we propose two schemes that follow the design principles indicated above which also include the working assumption made in RAN1#59bis. These schemes are identical to the ones proposed in [2].
Scheme 1

In this scheme, a specific configuration is mapped to a specific sequence of order bits. The existing mappings of order bit sequences to orders up to Rel.9 are maintained. 

Table 3 shows the order mapping and the corresponding functionality for Rel.10.

Table 3: Order Mappings and Functionalities
	Order Type
	Order Mapping
	Functionality

	
	xord,1
	xord,2
	xord,3
	

	000
	(1, 0)
	x
	X
	DRX Activation/De-activation

	
	x
	(1, 0)
	X
	DTX Activation/De-activation

	
	x
	x
	(1, 0)
	HS-SCCH less Operation
Activation/De-activation

	001
	0
	0
	0
	UL1; DL1

	
	0
	0
	1
	UL1; DL1, DL2

	
	0
	1
	1
	UL1, UL2; DL1, DL2

	
	0
	1
	0
	UL1,; DL1, DL3

	
	1
	0
	0
	UL1; DL1, DL2, DL3

	
	1
	0
	1
	UL1 UL2; DL1, DL2, DL3

	
	1
	1
	0
	UL1; DL1, DL4

	
	1
	1
	1
	UL1; DL1, DL2, DL4

	010
	0
	0
	0
	UL1, UL2; DL1, DL2, DL4

	
	0
	0
	1
	UL1; DL1, DL3, DL4

	
	0
	1
	0
	UL1; DL1, DL2, DL3, DL4

	
	0
	1
	1
	UL1, UL2; DL1, DL2, DL3, DL4


In Table 3, the primary uplink and downlink frequencies are denoted by UL1 and DL1. The secondary downlink carriers are denoted by DL2, DL3 and DL4. The mapping between the logical carrier identification and physical frequencies are indicated by L3 signalling. This mapping can be indicated during RRC connection setup and whenever a reconfiguration occurs.
An example of such a logical carrier mapping to frequency is given in Table 4. 

Table 4: Logical Mappings of Carriers to Frequencies
	Carrier ID
	C1 (UL1, DL1)
	C2(UL4, DL4)
	C3(UL4, DL4)
	C4(UL4, DL4)

	Frequency
	F1
	F3
	F4
	F2


In Table 4, the mapping of a carrier ID, which includes the DL and UL channels pertaining to that carrier, is mapped to a particular frequency. It is assumed that the C1 (UL1, DL1) is the primary or the anchor frequency and cannot be de-activated. 

The frequencies can be contained within a band spread across a maximum of 2 bands. This mapping is communicated to the NodeB, so that orders can be carried out without ambiguity. This affords a measure of flexibility for the RNC to perform load balancing since it can allocate primary carrier on different frequencies for different UE’s. Therefore, we propose the following:
Proposal 1: The logical mapping of carriers ID’s to specific frequency is indicated by L3 signalling.

Scheme 2

In Table 1, note that the order type “001” has an unused bit in the most significant position (see Table 1). This bit could potentially be used for activation/de-activation of the 3rd downlink carrier.
Furthermore, if we consider the order type “011”, the second bit in the order type in itself could be used to signify the activation/de-activation of the 4th downlink carrier. Table 5 shows the order mappings and corresponding functionalities of the second HS-SCCH order scheme.

Table 5: Alternate Order Mappings and Functionalities
	Order Type Bits
	Order Bits
	Functionality

	xodt,1
	xodt,2
	xodt,3
	xord,1
	xord,2
	xord,3
	

	0
	x
	1
	x
	x
	(1, 0)
	Secondary serving HS-DSCH cell
Activation/De-activation

	0
	x
	1
	x
	(1, 0)
	x
	Secondary serving E-DCH cell
Activation/De-activation

	0
	x
	1
	(1, 0)
	x
	x
	3rd serving HS-DSCH cell
Activation/De-activation

	0
	(1, 0)
	1
	x
	x
	x
	4th serving HS-DSCH cell
Activation/De-activation


Note that the total number of target configurations remains the same in this scheme. The order mapping xodt,1,  xodt,2,  xodt,3,  xord,1 ,  xord,2 ,  xord,3  =  ‘001010’, ‘001110’, ‘011010’, ‘011110’ are then specified to be unused (reserved) combinations in Rel.10. 

This order mapping allows for a similar interpretation of “1” for activation and “0” for de-activation as was the principle followed till Rel.9. This also allows for ease of implementation since a table lookup can potentially be avoided.
A proposal for dynamic uplink load balancing is outlined in [4]. According to this proposal, up to three uplink frequencies may be activated using HS-SCCH orders. As a consequence, the order mappings that are suggested above may need to be modified to accommodate the additional transitions. The modifications are detailed in the Annex and correspond to Scheme 1. 
4
Analysis of Proposed HS-SCCH Order Scheme [3]

An alternate scheme for the specification of the HS-SCCH orders for 4C-HSDPA was proposed in [3]. The order mapping and the corresponding functionalities that are proposed can be summarized in Table 6. 

Table 6: Proposed Order Mappings and Functionalities
	Order Type Bits
	Order Bits
	Functionality

	
	xord,1
	xord,2
	xord,3
	

	0 0 1
	x
	x
	(1, 0)
	Secondary serving HS-DSCH cell
Activation/De-activation 

	
	x
	(1, 0)
	x
	3rd serving HS-DSCH cell
Activation/De-activation 

	
	(1, 0)
	x
	x
	4th serving HS-DSCH cell
Activation/De-activation

	0 1 0
	x
	x
	(1, 0)
	Secondary serving E-DCH cell
Activation/De-activation 

	
	x
	(1, 0)
	x
	3rd serving E-DCH cell
Activation/De-activation 

	
	(1, 0)
	x
	x
	4th serving E-DCH cell
Activation/De-activation


Note that in Table 6, the order mappings for the secondary serving E-DCH cell is not backward compatible with that specified in Rel.9. Adoption of this proposal would necessitate changes to the Rel.9 specification in order to ensure seamless operation across different releases. It is questionable however, whether a Rel.9 change is feasible at this stage. 
Additionally, note that all permitted transitions cannot be achieved with a single order. Table 7, lists the different configurations and the transitions that can be achieved with a single order. 
Table 7: Achievable Transitions Using a Single Order
	Configuration
	DL4
	DL3
	UL2
	DL2
	UL1
	DL1
	Restrictions

	0
	
	
	
	
	X
	X
	Single order enables all transitions

	1
	
	
	
	X
	X
	X
	Single order enables all transitions

	2
	
	
	X
	X
	X
	X
	2 orders: Transitions from

3, 4, 6, 7, 9, 10

	3
	
	X
	
	
	X
	X
	Single order enables all transitions

	4
	
	X
	
	X
	X
	X
	2 orders: Transitions from 2, 8, 11

	5
	
	X
	X
	X
	X
	X
	2 orders: Transitions from 

0, 1, 6, 7, 9, 10

	6
	X
	
	
	
	X
	X
	Single order enables all transitions

	7
	X
	
	
	X
	X
	X
	2 orders: Transitions from 2, 5, 11

	8
	X
	
	X
	X
	X
	X
	2 orders: Transitions from

0, 1, 3, 4, 10

	9
	X
	X
	
	
	X
	X
	Single order enables all transitions

	10
	X
	X
	
	X
	X
	X
	2 orders: Transitions from 2, 5, 8

	11
	X
	X
	X
	X
	X
	X
	2 orders: Transitions from

0, 1, 3, 4, 6, 7


In Table 7, we note that a total of 32 transitions require 2 orders. Using multiple orders does not facilitate speedy transitions since there are delays associated with each order. The greater numbers of required orders increase the overhead on the downlink. Furthermore, it is not obvious that any tangible benefits could be obtained by the use of this order mapping. Due to these reasons, the impact to Rel.9 specifications and the fact that the working assumption is violated, we think that this proposal should not merit serious consideration.
Since the two schemes presented in Section 3 afford simple extensions to Rel.9 in order to accommodate the additional order functionalities in Rel. 10 and also permit all transitions using a single order, it is considered that the working assumption can be satisfied while keeping complexity of implementation to a minimum. Therefore, we propose the following.
Proposal 2: The working assumption that a single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations is agreed. 

Proposal 3: The two schemes detailed in Section 3 are considered and one of them is selected to be the order mapping scheme in Rel.10.

5
Conclusions

In this contribution, two schemes were detailed for the specification of HS-SCCH orders for activation/deactivation of carriers in 4C-HSDPA. The schemes allow for transitioning to permitted configurations using a single order. A brief analysis of an alternate order proposal was provided and it was concluded that the proposal did not satisfy the working assumption made in RAN1 #59bis. 

The main proposals in this contribution are listed below: 

Proposal 1: The logical mapping of carriers ID’s to specific frequency is indicated by L3 signalling.

Proposal 2: The working assumption that a single HS-SCCH order is used for all permitted multiple simultaneous activation/deactivations is agreed. 

Proposal 3: The two schemes detailed in Section 3 are considered and one of them is selected to be the order mapping scheme in Rel.10.
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Annex
According to the proposal on dynamic UL load balancing [4], up to three uplink frequencies may be activated using HS-SCCH orders. Table 8 lists the possible configurations while accounting for the additional uplink frequency. 

Table 8: Configurations for Rel.10 with up to 3 configured UL carriers
	Configuration
	UL4
	DL4
	UL3
	DL3
	UL2
	DL2
	UL1
	DL1

	0
	
	
	
	
	
	
	X
	X

	1
	
	
	
	
	
	X
	X
	X

	2
	
	
	
	
	X
	X
	X
	X

	3
	
	
	
	X
	
	
	X
	X

	4
	
	
	X
	X
	
	
	X
	X

	5
	
	
	
	X
	
	X
	X
	X

	6
	
	
	
	X
	X
	X
	X
	X

	7
	
	
	X
	X
	
	X
	X
	X

	8
	
	X
	
	
	
	
	X
	X

	9
	
	X
	
	
	
	X
	X
	X

	10
	　
	X
	　
	　
	X
	X
	X
	X

	11
	　
	X
	　
	X
	　
	　
	X
	X

	12
	　
	X
	X
	X
	　
	　
	X
	X

	13
	　
	X
	　
	X
	　
	X
	X
	X

	14
	　
	X
	　
	X
	X
	X
	X
	X

	15
	　
	X
	X
	X
	　
	X
	X
	X


Note that in Table 8, a maximum of 2 uplink carriers can be activated but up to three uplink carriers can be configured.

Table 9 shows the corresponding order mappings that can be specified to allow for the flexibility of dynamic uplink load balancing.

Table 9: Order Mappings and Functionalities for the Alternate HS-SCCH Order Mapping Scheme

	Order Type
	Order Mapping
	Functionality

	
	xord,1
	xord,2
	xord,3
	

	000
	(1, 0)
	x
	X
	DRX Activation/De-activation

	
	x
	(1, 0)
	X
	DTX Activation/De-activation

	
	x
	x
	(1, 0)
	HS-SCCH less Operation
Activation/De-activation

	001
	0
	0
	0
	UL1; DL1

	
	0
	0
	1
	UL1; DL1, DL2

	
	0
	1
	1
	UL1, UL2; DL1, DL2

	
	0
	1
	0
	UL1,; DL1, DL3

	
	1
	0
	0
	UL1, UL2; DL1, DL3

	
	1
	0
	1
	UL1; DL1, DL2, DL3

	
	1
	1
	0
	UL1 UL2; DL1, DL2, DL3

	
	1
	1
	1
	UL1 UL3; DL1, DL2, DL3

	010
	0
	0
	0
	UL1; DL1, DL4

	
	0
	0
	1
	UL1; DL1, DL2, DL4

	
	0
	1
	0
	UL1, UL2; DL1, DL2, DL4

	
	0
	1
	1
	UL1; DL1, DL3, DL4

	
	1
	0
	0
	UL1 UL3; DL1, DL3, DL4

	
	1
	0
	1
	UL1; DL1, DL2, DL3, DL4

	
	1
	1
	0
	UL1, UL2; DL1, DL2, DL3, DL4

	
	1
	1
	1
	UL1, UL3; DL1, DL2, DL3, DL4


As mentioned previously, the mapping between the logical carrier identifications and physical frequencies can be indicated by L3 signalling. This mapping can be indicated during RRC connection setup and whenever a reconfiguration occurs.







































































































































































































































































































































































































































































































































1
1/8

